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Today, the smallest feature on the best microprocessor in commercial production is 150 nm. In contrast, the distance between binding sites on a human antibody is 10 nm -our smallest devices are 15 times larger than Nature's! Although impressive strides are being made in the microelectronics industry, nanofabrication at the 10 nm length scale structures have been generated in this fashion. Unfortunately, serial technologies, such as those that require direct writing, are very slow and thus very costly. The commercialization of nanometer-scale devices will presumably require a parallel process capable of producing millions of devices at a time.
We have developed a new technique for the controlled fabrication of nanometer-scale periodic surface structures. In principle, this technique can be used to prepare features with a continuously variable spacing between 2-100 nm. (For comparison, the spacing between atoms in a silicon crystal is about 0.24 nm.) As proof of concept, we have fabricated of an array of single-crystal silicon nanostructures with a 38 nm spacing. Each nanostructure is about 25 nm in diameter -100 atoms wide! To
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In January of this year we started safety retraining of all of our users. As a result, the first few months of the year were very hectic. We tried to reduce any effect on the ongoing research, and I believe we succeeded.
Safe and disciplined operation, and careful use of the equipment, are overriding requirements for successful operation of the nanofabrication facility. Our researchers come from a variety of backgrounds -from some who are just starting on the path of research to those who have spent decades in advanced facilities, and from basic sciences to micro-electronics.
Our primary way for making sure that the research of each and every one has the best chance of success, unimpeded by other users, is to make sure that we maintain safe and disciplined operation.
I have heard from many about the changes and I will appreciate hearing other suggestions for improvements that will help the entire research community. The subject of safety will remain a focus of our effort as we continue to build on the changes since January and make sure that an increasing number of users does not impede the success of research in our facility. achieve structures at this very fine length scale, we make use of the inherent spacing and periodicity of atoms in a silicon lattice. Our process is based on the production of a "twist-bonded bicrystal" which is formed by bonding a very thin silicon crystal (represented in blue) to a thick silicon crystal (represented in grey.) In this process, the two crystals are purposefully misoriented by an angle theta.
On the atomic scale, this misorientation produces a mismatch between the atoms in the top (blue) crystal and the bottom (grey) crystal. If we were able to look down on the interface between the two crystals, the atoms at the interface would resemble the sketch below.
In some regions, the atoms in the top (blue) crystal are well aligned with the atoms in the bottom (grey) crystal. These atoms form strong chemical bonds with one another. In other regions, the top and bottom atoms do not align well. These misaligned areas form a square grid or Moiré pattern as in the sketch below. Chemically speaking, these misaligned regions correspond to dislocations -lines of poor chemical bonding.
These dislocations form the basis of our new nanofabrication technique. By controlling the angle between the top and bottom crystals, we can precisely control the spacing of the dislocations.
The fabrication of the twist-bonded bicrystal is illustrated by the QuickTime movie at http://www.chem.cornell.edu/ mah11/Nanofab.html. As the angle between the two crystals changes, the spacing between the dislocations also changes. Large misorientation angles correspond to small dislocation spacings and vice versa. The table below illustrates the correlation between dislocation spacing and misorientation angle for a silicon bicrystal.
At least in principle, this technique will allow for nanofabrication at the biological length scale. For example, to match the 10 nm spacing of the receptors on a human antibody, a twist angle of about 2 degrees would be necessary.
The dislocations in the twist-bonded bicrystal are buried between two crystals. To turn this buried interface into a surface structure, we make use of the high chemical reactivity of the dislocations.
Looking at the twist-bonded bicrystal in cross-section, we can see that the atomic planes in the top (blue) and bottom (grey) crystals line up in some places but not in others. The misaligned planes correspond to the dislocations, which are indicated in orange. To form a nanotextured surface, we use a specially formulated etchant that selectively attacks the dislocations. The etchant removes the dislocations and produces a surface covered with periodic "nanobumps."
After etching, the entire surface is covered by a periodic array of "nanobumps." Below, we show a nanotextured silicon surface with an average feature spacing of 38.5 nm (or 160 silicon atoms) and an average feature diameter of approximately 25 nm (or 100 silicon atoms). This spacing corresponds to a misorientation angle of 0.6 degrees. The images were taken with an atomic force microscope (AFM).
Although these nanotextured surfaces will have applications in the fields of microelectronics, magnetics, and photonics, experience has shown that the most exciting uses of nanofabrication are the ones that have yet to be imagined. Collins, Colorado, Rikard came to Cornell in 1997 after receiving his bachelor's degree from the University of Colorado at Boulder with a triple major in physics, chemistry, and biochemistry. In 2000, he received his Master's Degree in physical chemistry with a minor in materials science. Under the supervision of Prof. Melissa Hines, he has been studying wet etching of silicon.
In the past year, Rikard successfully developed the technique of fabricating nanoperiodic surfaces by etching silicon bicrystals. The challenges have been to form the bicrystals themselves and to control the etch depth. To form the bicrystal, the surfaces bonded must be clean and free of any dust particles. This requires many cleaning steps. In order to form the nanoperiodic surface, the etchant Here at CNF, we are looking forward to our fifth year as a partner in the network REU program, and of the 42 interns, 12 will be working in our cleanroom. They are listed below.
CNF REU projects range from "Construction of Thin Optical Microcuvettes" to "Integrated Antenna in Si Technology" to "Evaluation of Collagen as Molecular Filtration Material." Take a look at last year's CNF REU research accomplishments at: must remove all the silicon up to the interface, but not remove any more. This required optimization of the etchant composition, and etching in many small, sequential steps. ♦ Oral and Poster Presentations allowing CNF's students and users to show you their recent research and discoveries.
♦ An opportunity for CNF and Cornell University engineering students to learn about your career opportunities in engineering or related industries.
♦ An event designed to help you illustrate the benefits of employment in your company, including internships or full-time employment, to a focused group of engineering and science students.
♦ Informal lunches offering one-on-one time with students and faculty members.
♦ A formal Thursday dinner to meet users and faculty, and hear an invited speaker.
♦ The opportunity for on-campus interviews with experienced nanofabricators.
♦ A chance to showcase your commitment to diversity by providing our students with access to recent hires, minority executives, and substantive information about entrylevel positions in your organization.
♦ Combined with the Cornell University campus-wide Career Fair, the CNF Annual Meeting and Career Fair is the perfect addition to your recruiting efforts.
The NanoMeter is published four times a year by the Cornell Nanofabrication Facility at Cornell University, Knight Laboratory, Ithaca, New York, 14853-5403. Phone: 607-255-2329. Fax: 607-255-8601.
To be added to our mailing list please email: nm@cnf.cornell.edu. And find the NanoMeter in pdf at: http://www.cnf.cornell.edu/
Your comments are welcome!
The Cornell Nanofabrication Facility, a member of the National Nanofabrication Users Network, is supported by the National Science Foundation, and has been serving the Science and Engineering Community since 1978.
Area High Schools Area High Schools
Visit the CNF Visit the CNF
Odessa-Montour High School
During the month of May, students from three area high schools came to CNF for a day of discovery and fun. While Dr. Lynn Rathbun would meet with half of each group in the CNF conference room, showing them the CNF Tour Video, explaining the basic techniques of nanotechnology, the other half of the group, led by Mandy Esch, would enter the clean room and tog up for At the end, we presented each of our guests with a souvenir -a 4" silicon wafer with each high school's logo etched onto the surface. With a warning that wafers are very fragile and not to be used as frisbies, we let the groups head home.
Thank you all for coming! In 1992, he joined a team at a radiation therapy device and software startup company near Pittsburgh. They developed the first system for Intensity-Modulated Radiation Therapy (IMRT), and it has been used to treat about 8000 patients.
IMRT is 3D lithography with megavolt x-rays inside people, with minimum feature size of about 5 x 10 6 nm. When the patterns from multiple radiation beams overlap, they add up to make a high dose volume that conforms closely to the tumor volume and spares nearby normal tissues. There are dosimetry and alignment issues that are similar to those in microlithography.
Last fall, Alan moved to the Ithaca Ecovillage, a cohousing neighborhood that is developing 176 acres of land on West Hill in a way that will preserve open space for future generations. His neighbor and CNF user, Doug Shire, encouraged Alan to apply for a CNF position.
Initially, Alan is learning to manage the Leica VB6 electron beam lithography tool, and eventually will guide outside users in their use of the whole lab. He enjoys learning about the technologies at CNF, and participating in the innovative research that CNF users are doing.
Mandy Esch
Mandy Esch did her undergraduate studies in biology at the JuliusMaximilians-University in Würzburg, Germany. She received a M.S. degree in biotechnology and biochemistry from the University in Würzburg in 1998, and is currently working to complete her Ph.D. in biotechnology. Her research includes the development of micro-chip biosensors for optical and electrochemical detection of DNA.
Mandy joined the CNF staff in April 2001. Her responsibility is to serve as a liaison between biomedical and biophysics researchers and the CNF's facilities. She will work directly with users in biological research to plan and implement microfabrication processes, advising them on the capabilities of CNF instrumentation.
Sam Wright
After earning a degree from a local two-year technical school, Wade "Sam" Wright started his career at Cornell in 1977. Sam worked in Nuclear Studies as part of the team building and installing their sychrotron accelerator in the tunnel. Sam then moved on to Plasma Studies as an experimental equipment operator, fabricating and installing various machines.
Last year, Sam joined the CNF technical staff as Research Equipment and Cleanroom Technician. He is involved in general maintenance of lab equipment as well as the ordering, stocking and restocking of laboratory equipment and supplies. Some of Sam's best work, though, is in helping to maintain the lab as a user friendly facility.
From Left: Bleier, Esch, and Wright
The EV520HE (Hot Embosser) can be used for nanoimprint lithography including micro contact printing (MCP) and hot embossing lithography (HEL). It is capable of processing wafers up to 6 inches in diameter with top and bottom heaters capable of achieving temperatures up to 550°C. It can provide a contact force of up to 9000 lbf (40 kN) which yields a contact pressure of 800 psi (55 bar) on a 4 inch circular substrate. The embossing can be done under vacuum or with inert gases purging at pressures up to 30 psi (2 bar).
Mandy Esch is the primary contact for this new tool. She can be reached at: M104B Knight Lab, 607-255-2329, x115, esch@cnf.cornell.edu.
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